Rabbit serum against baby hamster kidney (BHK) cells fixed complement with vesicular stomatitis virus grown in BHK cells but not with virus grown in pig kidney (PK) cells. Similarly, PK cell antiserum reacted only with virus grown in PK cells. The infectivity of the virus was reduced greatly by virus antiserum and formed a complex with the serum which sedimented in 30 min. at IO,OOO g. In contrast, the infectivity was not reduced by cell antiserum and did not form a sedimentable complex. The purified infective component fixed more complement with cell antiserum than with virus antiserum but the small virus antigens released later in the growth cycle fixed complement with the virus antiserum only. By the use of virus grown in the presence of labelled inorganic phosphate or in cells which had already incorporated 82p, it was shown that the cellular component of the virus was present in the envelope.
INTRODUCTION
Morgan et ak (1961) described changes in the cytoplasmic membrane of cells infected with influenza virus which gave rise to areas on the cell surface capable of reacting with virus antibody. They showed by the ferritin-conjugated antibody technique that virus antigen first appeared at sites where virus particles were differentiating and that during emergence from the cell the virus was coated with components of the altered cellular membrane. Similarly, Howatson & Whitmore (1962) showed that vesicular stomatitis virus was assembled at the membrane surface of L cells and during formation of the virus particles their surface was continuous with the cell membrane. On release from the cell the virus was surrounded with an area of membrane that exhibited staining characteristics different from the original cell membrane. Kates et al. (1961) observed differences in the lipid content of the MEL strain of influenza virus grown in chick embryo or calf kidney cells and showed that the lipid composition of the virus reflected that of the parent cell. The authors also showed that 32p incorporated into the lipids of normal calf kidney cells was transferred to virus raised in these cells when later infected.
The present studies are concerned with the reactions of virus antiserum with baby hamster kidney (BHK) ceils infected with vesicular stomatitis virus and provide evidence to suggest that normal cellular constituents are incorporated into the infective and autointerfering particles of the virus. 
METHODS
Production ofantisera. (I)Vesicular stomatitis virus antiserum was produced by infecting guinea pigs with an egg strain of virus (type Indiana) that had been previously passed once in guinea pigs. Twenty-one days after the first inoculation the animals were again injected with an emulsion of equal volumes of virus and an adjuvant consisting of a 9: i (v/v) mixture of Bayol F and Arlacel A. Twenty-one days later the animals were killed and the serum collected. (2) Pig-kidney-cell antiserum was raised in guinea pigs by repeated weekly subcutaneous inoculations of suspensions containing e. 2 x lO 7 pig kidney cells. Serum was collected 21 days after the final inoculation. (3) BHK cell antiserum was produced in a rabbit by repeated subcutaneous inoculations of c. lO 8 washed BHK cells, of which half had been treated by ultrasonic vibration. Twenty-one days after the final inoculation the rabbit was bled and the serum separated.
Titration of virus and serum neutralization tests. Virus was titrated by intracerebral inoculation of groups of 5 unweaned mice with serial tenfold dilutions and the LD 5o calculated. For the estimation of neutralizing activity, mixtures containing equal volumes of the virus dilution and undiluted serum were inoculated intracerebrally into mice. The neutralization index of a serum was taken as the difference between the titre of the virus alone and the virus + serum mixture.
Complement-fixation tests. Complement-fixing activity was estimated quantitatively using the method described by Brooksby (1952) for foot-and-mouth disease virus. Excess antiserum was allowed to react with the antigen under test in the presence of serially increasing amounts of complement. The 5o % haemolytic end point was calculated by the use of probits.
Incorporation of 3~p into dividing BHK cells. A Roux bottle containing a rapidly growing BHK cell monolayer was washed twice with Eade's saline in which the phosphate had been replaced with o.oi M-tris, pH 7"6, and then incubated at 37 ° for 6 hr in 25 ml. of Earle's phosphate-free saline containing o'4 mc 32p. The monolayer was then washed to remove unincorporated 8zPO 4, incubated for a further 24 hr in growth medium and then infected with a low multiplicity (o.ooi) of virus. The virus was harvested 24 hr after infection.
RESULTS

Specificity of BHK and PK cell antiserum
A suspension of IOn BHK cells/ml., prepared by scraping the cell monolayers from Roux bottles, fixed about I ml. of I]3O guinea-pig serum complement with the rabbit anti-cell serum. A similar number of ceils disrupted by ultrasonic treatment showed a IO % increase in complement-fixing activity over the untreated sample. The rabbit antiserum was also tested for the presence of antibodies to ox serum, which is used in the BHK cell growth medium. No complement fixation was obtained with undiluted growth medium containing IO % ox serum. The BHK cell antiserum fixed complement with unfractionated virus grown in BHK cells but not with virus grown in pig kidney cells. Excess of a pig-kidney-cell antiserum required about 4 x ion pig kidney cells to fix I ml. of 113o guinea-pig serum complement. This pig-kidney-cell antiserum fixed complement with unfractionated virus grown in pig kidney cells but not with virus grown in BHK cells.
Reactions of infected BHK cells with cell ant&erum and virus antiserum
Monolayers of BHK cells in Roux bottles were infected at a multiplicity of io with virus which had been grown in BHK or pig kidney cells. After 30 rain. at 37 ° the supernatant fluid was removed and the cells washed twice with phosphate buffered saline before further incubation at 37 ° in 25 ml. of Eagle's medium. At intervals the medium was removed and the cell sheets scraped from the glass surface. The ability of both infected cells and medium to fix complement with cell and virus antisera was measured (Table 0 . The amount of complement fixed by the infected cells and cell antiserum was fairly constant over the first part of the growth cycle but showed a tendency to fall as the cells exhibited cytopathic effects and the cell sheets started to disintegrate. On the other hand, complement fixation by the cells with virus antiserum was first detected between 11 and 2 hr and increased up to 24 hr. This fixation with virus antiserum appeared on the cell surface before any increase in infectivity titre was observed and continued to increase until the cells disintegrated. Virus appeared in the medium about 2½ hr after infection; at this time the medium fixed more complement with cell antiserum than with virus antiserum. This activity with cell antiserum increased slowly, reaching a maximum at 24 hr, but the complementfixing activity of the medium with virus antiserum increased rapidly. The increase in activity with virus antiserum continued between 24 and 48 hr, although in this interval no more infective virus was being produced.
Presence of cellular components in the infective component of vesicular stomatitis virus
Consideration was given to the view that the complement-fixing activity of the cell antiserum with unfractionated harvests of virus was due to cellular components liberated into the medium and not to virus components. A virus harvest collected 24 hr after infection at a low multiplicity (o.ooI) was fractionated as described by Brown, Cartwright & Almeida 0966). Saturated ammonium sulphate was added to the harvest to give a final salt concentration of 60 % and the resultant precipitate suspended in 0"o4 M-phosphate buffer, pH 7"6, before centrifuging for 2 hr at 2o,ooo
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rev./min, in a 15 to 45 % sucrose density gradient. The peaks A to D (Fig. I ) which fixed complement with virus antiserum were examined for their ability to fix complement with cell antiserum. Although the ratio of the amounts of complement fixed with cell antiserum and virus antiserum was low for unfractionated virus harvests collected at 24 or 48 hr, the infective component isolated from any harvest fixed more complement with cell antiserum than it did with virus antiserum. Peak B, which contains the autointerfering component of the virus (Crick, Cartwright & Brown, :966) , fixed a similar amount of complement with either cell or virus antiserum but peaks C and D fixed very little complement with cell antiserum. The ratio of the amounts of complement fixed by the medium with virus and cell antisera increased from o'4 at a½ hr to 7"8 at 48 hr (Table I ). This change was caused by the release later in the growth cycle of virus-specific antigens which fixed little complement with cell antiserum. In some growth cycles up to 4o % of the total complement-fixing activity with virus antiserum was released between 24 and 48 hr and consisted entirely of components present in peaks C and D (Fig. 0. 
Comparison of the reactions of purified virus with cell and virus antisera
Samples of the infective component of the virus isolated from a sucrose density gradient were mixed with either cell antiserum or virus antiserum and then centrifuged at I0,0o0 g for 30 min. The mixture of purified virus and virus antiserum produced a supernatant fluid that did not fix complement with cell antiserum but centrifugation of virus+cell antiserum did not remove the virus from suspension. Thus, the virus does not form with cell antiserum a sedimentable complex similar to the one it forms with the virus antiserum. As the virus reacted in complement-fixation tests with both cell and virus antisera, an attempt was made to determine whether the sites of the reaction were separate or common. The infective virus component fixed more complement with a mixture of cell and virus antiserum than with either antiserum alone ( Table 2 ), suggesting that the two antibody sites on the component are separate. Serum neutralization tests confirmed this view because the infectivity of virus was unchanged when titrated in the presence of cell antiserum but was reduced Io,ooo-fold when titrated in the presence of a I/IOO dilution of the virus antiserum. This reduction in titre also occurred when the virus was first incubated at 37 ° for 30 min. with an equal volume of undiluted cell serum and then mixed with I/Ioo virus antiserum before titration (Table 3) . Brown et aL (1967) showed that treatment of the infective component of the virus with ether in the presence of Tween 80 split the particles into envelope and skeletonlike structures. The latter still contained the RNA of the virus and also fixed complement with virus antiserum. When virus grown in the presence of 8~p was treated in this way and the mixture separated by sucrose gradient centrifugation, the skeleton-like structure contained I5 % of the total radioactivity of the virus. The remainder of the radioactivity was associated with slowly sedimenting structures (Fig. 2a, b) .
Examination of virus constituents reacting with cellular antiserum
Alternatively, a2p was incorporated into the lipids of growing BHK cells and the cells were then infected with virus. The supernatant medium containing the virus was collected 24 hr after infection and the infective component was separated by sucrose density gradient centrifugation (Brown et aL 1966) . This preparation, which contained 32p, was treated with Tween-ether and analysed by sucrose density gradient centrifugation ( Fig. 2 c, d ). Ether treatment showed that all the radioactivity of this preparation was present in slowly sedimenting materials which suggested that the 8~p in the virus was associated entirely with the envelope structure.
It is of interest that, whereas the isolated virus fixes complement with cell antiserum and virus antiserum, treatment with Tween-ether eliminated the fixation with cell antiserum. This result was confirmed by examining fractions from sucrose density gradients of untreated and Tween-ether treated virus. There were two peaks of complement-fixation activity in the sucrose density gradient of the treated virus when virus antiserum was used but none when cell antiserum was used (Fig. 3) . This contrasts with the reaction of untreated virus which fixed more complement with cell antiserum than with virus antiserum.
DISCUSSION
The infective component of vesicular stomatitis virus reacts specifically with pig kidney cell or BHK cell antiserum, depending on the cell in which it is grown. Infected BHK cells retain their complement-fixing activity with cell antiserum and also acquire after I½ to 2 hr a further ability to fix complement with virus antiserum, which increases until the cells begin to disintegrate. About 2½ hr after infection antigens fixing complement with cell antiserum and with virus antiserum appear in the medium. As the virus products are liberated from the cells into the medium there is at first a preponderance of fixation with cell antiserum but very quickly this ratio changes and fixation is mainly with virus antiserum.
The virus antigen released early from the cell may contain more cellular material than antigen released later but the change in ratio of cell antiserum to virus antiserum fixation of the medium is mainly accounted for by the formation of small virus antigens (peaks C and D, Fig. I ). At 24 hr these small antigens can contribute 7o % of the complement fixation with virus antiserum, and virus harvests collected between 24 and 48 hr are composed almost entirely of small antigens that fix little complement with cell antiserum. It thus seems that a considerable percentage of the virus antigen produced does not contain any detectable cellular component. The virus particle appears to have separate sites for cell and virus antiserum, as an excess of cell antiserum does not lower the infectivity of the virus or prevent its neutralization by virus antiserum.
Radioactive virus grown in BHK cells which had been pre-labelled with 32p lost all its radioactivity and its ability to fix complement with cell antiserum when treated with Tween-ether. Brown et al. (1967) showed that disruption of azP-labelled virus treated with Tween-ether yields slowly sedimenting envelope material and a skeletonlike internal structure which contains about I5% of the radioactivity. In contrast, radioactive a2P-labelled virus grown in pre-labelled cells does not yield a radioactive skeleton on treatment with Tween-ether, suggesting that all the cellular component is in the surface structure of the virus. This agrees with the observations of Laver & Webster (I966), who showed that the host antigen of influenza virus is part of the external structure of the virion. These authors considered that the role of the host cell material may be relatively unimportant and we feel this view is supported by our observations with vesicular stomatitis virus. When virus grown in BHK cells was used to infect either BHK or PK cells it did so with the same efficiency. Similarly, virus grown in PK cells was equally efficient in infecting both cell systems. This suggests that the cellular constituents incorporated into the virus are not specifically involved in the infection process.
